The aim of this study was to develop and validate a new brief and accurate case-finding instrument for dementia and cognitive impairment. Previous research indicates that combining cognitive tests with informant and/or patient report may improve accuracy in dementia case-finding. The Brief Assessment of Impaired Cognition (BASIC) integrates these three sources of information.
| INTRODUCTION
Brief case-finding and screening instruments are routinely used for identification of dementia. The standard instrument, Mini-Mental State Examination (MMSE) 1 , however, lacks sensitivity to mild dementia 2 , is substantially affected by education and age 3 , and experience indicates that some patients may perceive certain items (eg, serial sevens) as difficult or confrontational. Since the publication of the MMSE more than 40 years ago, more refined instruments have been developed, but according to recent reviews, no single instrument is clearly superior to others [4] [5] [6] [7] .
Many cognitive tests and brief test batteries [8] [9] [10] [11] [12] [13] have good psychometric properties but are relatively time-consuming. Most instruments belong to one of two subtypes: (a) brief cognitive tests or test batteries or (b) informant-directed tools. Combining cognitive tests with informant or patient report has been found to improve diagnostic accuracy in dementia case-finding [14] [15] [16] [17] , but very few instruments combine the two types of information 18, 19 . A workgroup convened by Alzheimer's Association suggested that screening for dementia in primary care should include both cognitive assessment and informant report 20 .
The aim of the present study was to develop and validate a new brief case-finding instrument for dementia, the Brief Assessment of Impaired Cognition (BASIC) in a memory clinic setting. The rationale for our study design, comparing a clinical sample referred from general practice to diagnostic evaluation to a cognitively intact control group, is the relative homogeneity of each group and the prospective availability of a relevant gold standard (expert clinical diagnosis). Among the possible risks of the study design is inflation of the classification accuracy of BASIC as cases and controls are readily separated compared with other clinical settings such as general practice or primary care where prevalence of dementia is lower, and the case mix more heterogeneous.
| METHODS
Based on focus group interviews with general practitioners and district nurses, specifications for the new instrument were defined: (a) It should be broadly applicable in general practice and memory clinics; (Table 1 ). BASIC is inspired by existing, validated instruments 18, 19, 21 and includes elements from validated questionnaires 22, 23 . According to previous research, memory tests based on controlled learning and cued recall [24] [25] [26] have high discriminative validity 5, 27, 28 . We have previously found that Supermarket Fluency may be less influenced by education and age compared with more commonly used animal fluency or lexical fluency tasks 29 .
Prior to construction of BASIC, a preliminary version of the instrument was tested, and components and items with high discriminative validity for dementia were identified by repeated stepwise backwards binary logistic regression analyses utilizing the probability of the Wald statistic with case-control status as the dependent variable until a minimal set of highly discriminative items was identified. Excluded items were questions regarding orientation to time and place, and additional informant-directed questions regarding cognitive and neuropsychiatric symptoms. 1. The BASIC Record form, Informant report, Manual and CCMT stimulus card are available as (Supplementary Appendix A).
| Patient report
The participant is asked three questions regarding memory functioning from the Cognitive Function Instrument (CFI) 23 . Response options are "No," "To some extent," and "To a great extent."
| Supermarket Fluency
The participant is asked to name as many supermarket items as he or she can think of in 1 min 30 . An interval scoring algorithm is applied (Table 1) .
Key points
• The Brief Assessment of Impaired Cognition (BASIC) integrates brief cognitive assessment with both patient and informant report. Performance on the instrument is unaffected by education and only slightly affected by age and gender.
• A previous study investigating the utility of self-report and informant report found that self-report was more reliably correlated than with cognition earlier in the process of decline, whereas informant report became superior at later stages with loss of insight. The results of the present study substantiate the effectiveness and validity of integrating brief cognitive assessment with patient and informant report for case-finding of dementia and cognitive impairment.
• Although BASIC has promising diagnostic properties, a cross-validation of the instrument in a general practice setting is needed. Future studies should also examine the ability of BASIC to identify Alzheimer's disease dementia versus non-Alzheimer's dementia, as well as the instrument's ability to monitor cognitive decline during disease progression.
| Category Cued Memory Test
In this test, inspired by previous work by Buschke and colleagues, 21, 24, 25 the participant is asked to recall four pictures presented on an A4 stimulus card. The participant is asked to identify the object that best fits with a semantic cue given by the examiner (eg, "Which fruit do you see?" participant: "A banana"). When the objects have been categorized, the card is removed from sight, and patientdirected questions and Supermarket Fluency are administered providing approximately 2 minutes of distraction. The participant is then asked to recall the four objects. If one or more objects are not retrieved by free recall, the examiner provides the relevant semantic cue.
| Informant report
The informant is asked three questions from the Informant Questionnaire on Cognitive Decline (IQCODE) 22 regarding the cognitive functioning of the patient. Response options are "Unchanged," "A bit worse," and "Much worse." Informant report can either be administered by the examiner or self-administered.
The BASIC score is obtained by summing the scores of the four components into a composite score (range 0-25 points). In situations when reliable informant report cannot be obtained, a pro-rated BASIC score may be used (Supplementary Table 1 ).
| Participants
The study was carried out in accordance with the Code of Ethics of the 31 and clinical research criteria were used for specific subtypes of dementia disorders [32] [33] [34] . Mild cognitive impairment (MCI) was diagnosed according to revised Petersen criteria 35 .
The control sample was recruited among participating patients' relatives (mainly spouses) and volunteers from ongoing research projects at the involved memory clinics. Accompanying relatives were informed about the study and asked if they would like to participate as healthy controls. Candidates for inclusion completed a comprehensive questionnaire • Do you need more help from others to remember appointments, family occasions, or holidays? • Do you have more trouble recalling names, finding the right words, or completing sentences? Scoring: No = 2 points; To some extent = 1 point; To a great extent = 0 points.
Supermarket fluency
The patient is asked to name as many supermarket items as he or she can think of in 1 min. The number of items minus repetitions produced within 1 min is recorded.
0-5
Scoring: 0-3 items = 0 points; 4-7 items = 1 point; 8-11 items = 2 points; 12-15 items = 3 points; 16-19 items = 4 points; ≥20 items = 5 points.
Category cued memory test
Four pictures are connected to specific semantic categories (banana ↔ fruit; cow ↔ animal; sofa ↔ furniture; bicycle ↔ means of transportation) by forced choice.
0-8
After 2 min of distraction, the patient is asked to freely recall the objects. If one or more objects are not retrieved by free recall, the examiner provides the relevant semantic cue (eg, "There was also a fruit. Which fruit was it?"). Scoring: objects recalled by free recall = 2 points; items recalled by cued recall = 1 point; items not recalled = 0.
Informantdirected questions
Compared with a few years ago, how is your spouse/parent/relative/this person at: 
| Data analysis
The significance of group differences on continuous variables was determined using the independent samples t-test. The significance of group differences in gender distribution was determined using the Pearson χ 2 test. Effect sizes were calculated as Hedges' g 37 . Discriminative validity was assessed by calculating sensitivity, specificity, and likelihood ratios using the clinical diagnosis of dementia as gold standard. The optimal balance between sensitivity and specificity for discrimination between groups was determined by Youden's J 38 .
Receiver operating characteristic (ROC) curves for BASIC and MMSE were constructed, and the areas under the curve (AUC) were compared using the nonparametric approach by DeLong et al 39 Table 2 . 
| Reliability
Coefficient alpha for BASIC (11 items) was .75.
| Discriminative validity
Using the AUC as a general index of discriminative validity, BASIC (AUC = 0.99) was highly accurate in differentiating patients with dementia from control participants (Figure 1 ). In comparison, the MMSE had an AUC of 0.92.
Pairwise comparison of ROC curves revealed that BASIC had significantly higher classification accuracy than the MMSE (z = 3.87, P < .001). Discriminative validity statistics for BASIC for identification of dementia at six different cutoff scores are presented in Table 3 .
A cutoff score of 19/20 on BASIC provided optimal discrimination between the dementia and control group with very high specificity (0.98) and sensitivity (0.95). By comparison, in this sample the MMSE had high specificity (0.90) but moderate sensitivity (0.82) at an optimal cutoff score of 26/27, and very high specificity (1.00) but low sensitivity (0.53) at the commonly applied cutoff score of 23/24.
We repeated the discriminative validity analysis in the cognitively impaired sample (dementia and MCI). As expected, a differential reduction in discriminative validity was found. However, BASIC Again, BASIC had significantly higher classification accuracy than the MMSE (z = 5.64, P < .001). A cutoff score of 20/21 on BASIC provides the optimal discrimination between the cognitively impaired group and the control group with high specificity (0.95) and sensitivity (0.95) (Supplementary Table 2 ). By comparison, the MMSE had moderate specificity (0.81) and sensitivity (0.76) at the optimal cutoff of 27/28, and very high specificity (1.00) but low sensitivity (0.43) at cutoff 23/24. The discriminative validity of pro-rated BASIC scores for dementia (AUC = 0.97) and cognitive impairment (AUC = 0.96) were high, although the full BASIC instrument performed significantly better than pro-rated scores (z = 3.27, P = .001, and z = 3.71, P < .001).
| Construct validity
Moderate correlations were found between the complete BASIC and the MMSE (r = .72, P < .001) ( Supplementary Table 3 ). Also, significant correlations were found between BASIC and its four components. The weakest, but still robust, correlations were seen between patientdirected questions and other components of BASIC.
| Face validity
Interviews with five patient-informant dyads immediately after completion of BASIC indicated that questions and instructions were easily understood, and the instrument was perceived as relevant and nonconfrontational. Interviews with six nurses involved in the data collection indicated that the instrument was easy to use and favorably received by patients and relatives.
| Impact of socio-demographic variables
Age and gender had a statistically significant but numerically small impact on BASIC score in the control sample, whereas years of education had no significant effect (Supplementary the predicted scores of, eg, a 70-year-old and an 80-year-old. We tentatively computed socio-demographically adjusted scores for the dementia sample based on a crude algorithm (one point was subtracted from the scores of women <75 years of age, and one point was added to the scores of men ≥80 years of age). This tentative adjustment, however, had no effect on classification accuracy. 
| DISCUSSION
The present study developed and validated BASIC as a new, brief case-finding instrument for dementia in a memory clinic setting.
The results indicate that the instrument has high discriminative validity in this setting and is easy to use, favorably received by patients and relatives, and can be administered in approximately 5 minutes. In comparison, the MMSE can be administered in 10 to 15 minutes. The present results substantiate that integrating brief cognitive testing, patient report, and informant report into one instrument produces higher discriminative validity than applying each element separately [14] [15] [16] [17] . We recommend that the complete instrument is used as default option, but if reliable informant report cannot be obtained, pro-rated BASIC scores may be used. BASIC appears to be unaffected by education, and the impact of age and gender is too small to necessitate socio-demographical adjustment of observed scores in the examined age range.
The inclusion of patient report in BASIC may seem problematic as previous research has shown that patients with dementia lose insight with the progression of illness 41, 42 . However, a prospective study investigating the utility of the CFI found that self-report was more reliably correlated than partner report with cognition earlier in the process of decline, whereas partner report became superior at later stages with development of anosognosia 23 .
BASIC was validated in memory clinics using expert clinical diag- Optimal cutoff scores for separation of patients with dementia or cognitive impairment from control participants are presented.
However, optimal group separation is not the main question when evaluating the performance of an individual patient. In a clinical context, it is important to consider the probability of dementia and the probability of being cognitively intact associated with a given cutoff score. For this purpose, we present PPV and NPV estimates for a range of scores below and above the optimal cutoff (Table 4 and Supplementary Table 5 ). Among the limitations of the study is the fact that the results apply primarily to a memory clinic setting.
Our sample is probably representative for patients referred from general practice at their initial memory clinic visit, but not necessarily for other patient groups or settings. Thus, the generalizability of the findings to general practice or primary care is unknown, and future studies are needed to cross-validate BASIC in these settings. The items that constitute BASIC were selected in order to optimize the discriminative validity of the instrument in the current sample, but it is possible that an item analysis based on a more heterogeneous sample may have identified a different combination of discriminative items.
Reliability has not been properly assessed using a test-retest design. Coefficient alpha is presented as an approximation of scale reliability, but there is not necessarily a strong association between internal consistency and the temporal stability of an instrument composed of relatively independent items. Further, because BASIC is a short scale (11 items), alpha may not be an optimal reliability measure.
However, previous research indicates that the components of BASIC are reliable 25, 30 . Except for the interval scoring of Supermarket Fluency, the BASIC composite score was based on summing up unweighted component scores. Although more refined methods may have been used, the high intercorrelation between most BASIC components makes unweighted summations of components a valid and straightforward method that is easily applied in a clinical setting 45 .
Although we aimed at creating an instrument relatively free of impact from socio-demographic variables, a further refinement of BASIC would require analyses of differential item or test functioning.
For instance, it is possible that Supermarket Fluency in other populations may show differential functioning depending on, eg, gender role.
However, in a recent cross-cultural study of middle-aged and elderly Europeans, no influence of gender on Supermarket Fluency was found 46 . Future studies should examine the ability of BASIC to identify Alzheimer's disease dementia versus non-Alzheimer's dementia, as well as the instrument's ability to monitor cognitive decline during disease progression.
| CONCLUSION
The present study suggests that BASIC meets criteria for an accurate, time-saving, and easy-to-use routine case-finding instrument. The instrument appears to be sensitive and highly specific for identification of dementia and cognitive impairment in patients referred for diagnostic evaluation in a memory clinic. By making BASIC available for clinicians and noncommercial research without copyright restrictions, we hope to facilitate quicker and more accurate identification of dementia and cognitive impairment in clinical settings enabling a higher proportion of patients with dementia to receive a timely diagnosis providing access to care and management. It is important to note, though, that BASIC can never substitute a full clinical evaluation.
A diagnosis of dementia or cognitive impairment cannot be based solely on a brief case-finding instrument.
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